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Commotio cordis is a term used to describe ventricular
ﬁbrillation (VF) triggered by a blunt, nonpenetrating blow,
often the result of a small ball or puck hitting the chest in the
course of recreational or competitive sports.1 It is typically
fatal, though rates of successful resuscitation have improved
in recent years.2,3 Experimental studies have identiﬁed a 10–
40-ms window during the upstroke of the T wave during
which a blow of sufﬁcient force can elicit VF, with 40 mph
being the optimal projectile velocity for inducing VF in a
swine model.1,4 Children engaged in sports with the potential
for high-impact blows are most at risk.Case report
A 22-year-old man was working with a landscaping crew
when he was struck in the chest by a lacrosse ball that had
been ejected by an industrial lawnmower. He immediately
lost consciousness and was pulseless, and a bystander
initiated cardiopulmonary resuscitation. Paramedics arrived
within 10 minutes and found the rhythm to be VF. A single
biphasic shock of 200 J was delivered, restoring sinus
rhythm.
He was taken to the emergency department of a nearby
tertiary care hospital where he was hemodynamically stable
but vomiting and not following commands. A severe
contusion over the precordium was noted (Figure 1). The
initial electrocardiogram showed sinus rhythm with a broad
atypical right bundle branch block and downsloping ST
segment in lead V1, which raised concern during the initial
evaluation for possible Brugada syndrome (Figure 2).
Because the patient was encephalopathic, therapeutic
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with left ventricular ejection fraction of 40%–50%. The
computed tomographic scan of the chest showed parasternal
parenchymal opacities but no fractures. He completed the
hypothermia protocol (24 hours at 32oC–34oC with con-
trolled rewarming) without incident. The transthoracic echo-
cardiogram on hospital day 3 showed normalization of left
ventricular ejection fraction to 65%–75% with no other
abnormalities. Biochemical testing showed an elevated level
of troponin I, with a peak value of 8.56 at 10 hours after the
event. By hospital day 4, the patient had full neurologic
recovery and was discharged from the hospital. The electro-
cardiogram had nearly normalized but had a persistent rSr0
pattern with mild residual ST-segment elevation in lead V1
(Figure 3). The lawnmower responsible for the projectile had
a standard blade tip speed of 210 mph (338 km/h) as per the
manufacturer’s speciﬁcations. Given the severity of the chest
contusion, it was assumed that the projectile was likely
traveling near this speed.Discussion
The mechanism by which mechanical impact leads to VF has
been studied extensively over the last 2 decades and is
currently thought to result from a transient but dramaticFigure 1 A severe contusion was noted over the precordium upon
presentation to the emergency department, 45 minutes after the initial injury.
The lacrosse ball is also shown.
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KEY TEACHING POINTS
 Commotio cordis is a term used to describe
ventricular ﬁbrillation caused by a nonpenetrating
blow to the precordium during a 10–40-ms window
before the peak of the T wave. It occurs most often
in children engaged in recreational or competitive
sports.
 The mechanism of commotio cordis appears to be
related to a rapid rise in the intracavitary pressure
of the left ventricle. This leads, through
electromechanical coupling, to heterogeneous
repolarization and high susceptibility to ventricular
ﬁbrillation.
 Blows that cause commotio cordis may lead to
other electrocardiogram abnormalities that could
obscure the diagnosis. Brugada syndrome may be
mimicked by concomitant cardiac contusion and
bundle branch block (as seen in this case). Clinical
history and examination are needed to make an
accurate diagnosis, which has important
implications for treatment.
 Optimal projectile velocity for ventricular
ﬁbrillation induction through commotio cordis is
40 mph in a small swine model (8–25 kg). The
relatively low incidence of commotio cordis in
adults may be due, in part, to projectiles rarely
traveling at a sufﬁcient velocity to adequately
compress the adult chest cage.
173Montgomery and Roden High-Velocity Commotio Cordisincrease in left ventricular intracavitary pressure. It is sug-
gested that this increase in pressure leads, through electrome-
chanical coupling, to heterogeneous repolarization and high
susceptibility to VF, possibly through activation of the aden-
osine triphosphate–sensitive potassium channel.1,5–9 Com-
motio cordis is not induced by blows away from the
precordium or outside the 10–40-ms window before the
peak of the T wave and is more likely to occur with smaller,
harder objects.
10,11
The US Commotio Cordis Registry for the years 1970–
2012 reports a 72% mortality rate.2 However, there has
been improvement in outcomes, with the most recent
6-year period showing 58% survival. This improvement is
thought to be primarily due to earlier resuscitation anddeﬁbrillation.1,2 Although there was no automatic external
deﬁbrillator available onsite at the time of our patient’s collapse,
immediate bystander cardiopulmonary resuscitation was likely
at least partially responsible for the favorable outcome.
It is rare to encounter projectiles traveling near 200 mph:
bullets travel much faster and balls, pucks, and motor
vehicles typically travel considerably slower. In sports, only
the world record golf ball drive (211 mph) and jai alai serve
(188 mph) approximate this velocity, with hockey, baseball,
and lacrosse each having maximum recorded velocities
slightly more than 100 mph.12 Over the past few decades,
some law enforcement agencies have adopted “less lethal”
technology using foam rubber or “beanbag” projectiles
traveling up to 267 mph to deliver nonlethal injuries to
aggressive suspects. There has been at least 1 fatal report of
commotio cordis owing to a “rubber bullet” impact over the
precordium in an adult suspect.13
Link et al14 have previously shown in a juvenile swine
model (weighing 8–25 kg) that 40 mph was the optimal
velocity for inducing commotio cordis with a baseball.
Higher velocities often resulted in myocardial tears or
papillary muscle rupture. In the same study, intracavitary
left ventricular pressure increases of 250–450 mm Hg had
the highest likelihood of causing VF. It is also notable that
bundle branch block and ST-segment elevation (as seen in
our patient) were uniformly seen after impacts of 60 mph or
greater in the swine model, likely a reﬂection of myocardial
contusion in addition to commotio cordis–related VF.
It has been hypothesized that the rarity of commotio
cordis in adults, in addition to being related to decreased
exposure to sports, is likely the result of a less compliant
chest cage, which blunts the impact of a precordial
blow.1 The rarity of commotio cordis in adults is also likely
due, in part, to the signiﬁcantly higher velocities that may be
required to generate the same sudden rise in intracavitary
pressure. To our knowledge, this hypothesis has not been
tested in large-scale animal experiments.Conclusion
We have presented a case of commotio cordis in an adult
occurring with an unusually high projectile velocity. The
patient displayed evidence of myocardial injury, but the
immediate collapse indicates this was likely a true case of
commotio cordis. The relatively low incidence of commotio
cordis in adults may be due, in part, to projectiles rarely
traveling at a sufﬁcient velocity to adequately compress the
adult chest cage.
Figure 3 On hospital day 4, the electrocardiogram had nearly normalized but had a persistent rSr0 pattern with mild residual ST-segment elevation in lead V1.
Figure 2 The presenting electrocardiogram showed sinus rhythm with a broad atypical right bundle branch block and downsloping ST segment in lead V1,
which initially raised concern for Brugada syndrome.
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Supplementary data
Supplementary data associated with this article can be found
in the online version at 10.1016/j.hrcr.2015.01.014.References
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